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Abstract 
Phosphorus-doped silicon nitride (SiN(P)) layers have been investigated as dopant sources for laser-induced 
diffusion. Their optical properties were measured and revealed that reflectivity and refractive index were weakly 
affected by adding phosphorus (P) and that SiN(P) layers could consequently be used as anti-reflection coatings. 
These layers were also found to offer efficient surface passivation regardless of the introduced P quantity. Laser 
doping (LD) and thermal annealing (TA) were then carried out and showed that a wide doping range can be obtained 
from SiN(P) layers using both driving-in methods. Selective emitter solar cells were then processed using TA to 
realize the thin emitter and LD to pattern the heavily-doped areas to be metalized. Though cells results need to be 
further improved, SiN(P) layers appear to be extremely promising as dopant sources for low-thermal budget selective 
emitter solar cells processing. 
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1. Introduction 
Laser doping (LD) from a solid source [1] has become particularly prominent in the last few years as a 
low thermal budget doping technique, and is of special interest for selective emitter (SE) solar cells 
processing [2]. Though LD has already proven numerous assets, particularly in meeting cost and 
throughput industrial requirements, its main drawback still remains an appropriate dopant source. 
Depositing an extra dopant source on silicon surface before laser processing [3, 4] is indeed time 
consuming. Using the phosphosilicate glass (PSG) layer [2] indeed spares this additional deposition step, 
but the dopants content cannot be freely chosen. On the other hand, several approaches have already been 
successfully explored to process SE cells without any POCl3 diffusion step, such as screen-printed P-
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doping pastes [5] or rapid thermal annealing of spin-on glasses [6]. In this paper, we are proposing a new 
and elegant way to process SE cells without any POCl3 diffusion step by using phosphorus-doped silicon 
nitride (SiN(P)) layers as a dopant source. 
In fact, plasma-enhanced-chemical-vapor-deposited (PECVD) silicon nitride layers (SiNx) are actually 
routinely used for silicon-based solar cells, mostly for their excellent anti-reflective (AR) properties along 
with efficient electrical surface passivation. Adding phosphine gas (PH3) during the PECVD process 
allows incorporating a purposely chosen amount of phosphorus (P) into the SiNx layers, thus resulting in a 
low-temperature deposited dopant source. Such layers might feature both excellent AR and passivation 
properties. Thus, the main asset of the new method proposed here is the ability of the SiN(P) layer to act 
simultaneously as an anti-reflective coating, a passivation layer and a one-sided dopant source. This new 
feature drastically simplifies the SE process flow and opens new possibilities in further enhancing the SE 
cells efficiency. 
This paper first aims at investigating the AR and passivation properties of PECVD SiN(P) layers. 
Then, phosphorus diffusion from such dopant sources is studied using both laser-induced diffusion and 
thermal annealing (TA). Finally, laser-doped selective emitter (LD-SE) solar cells are fabricated using TA 
to realize the thin n+ emitter and laser doping to form the heavily doped n++ areas. 
2. Experimental 
p-type 14-22 Ω·cm Cz-Si shiny-etched substrates with a thickness of 300 μm were used for the 
investigation of the optical and passivation properties of the SiN(P) layers, as well as for the LD and TA 
experiments. While most of the samples were kept raw, those for the passivation investigation underwent 
a 120 Ω/□ POCl3 furnace diffusion, followed by a HF dip. SiN(P) layers, 75 nm thick, were then 
deposited on both sides of all samples at 300°C using a 13.56 MHz PECVD reactor. Various PH3 flows 
and different durations were used, which results in SiN(P) layers containing different P quantities, as 
given in Table 1. 
 
Table 1. PH3 flows, durations and resulting P quantity of the processed SiN(P) layers. 
 
Coating PH3 flow [sccm] Duration [a. u.] Resulting P quantity [a. u.] 
(a) 0 0 0 
(b) 75 0.25 0.37 
(c) 50 0.50 0.50 
(d) 50 1.00 1.00 
 
The reflectivity (R) of the deposited layers was measured using a spectrometer, while their refractive 
index (n) and absorption coefficient (k) were determined with an ellipsometer. The effective carrier 
lifetime (τeff) was measured using the quasi-steady-state photoconductance (QssPC) technique on diffused 
samples, and the emitter saturation current density (J0e) was calculated at an injection level of 1x1016 cm-3 
[7]. Laser doping (LD) was then carried out on undiffused substrates coated with SiN(P) layers using a 
green laser with 515 nm wavelength, 20 ns pulse duration and 40 μm spot diameter. The laser power 
(Plaser) was varied between 1 and 3 W. On the other hand, TA was performed on undiffused substrates 
coated with SiN(P) layers in a quartz furnace under N2 ambient, for a duration of 30 min and using 
temperatures between 810 and 910°C. The resulting sheet resistances (Rsheet) were then measured using a 
four-point-probe device after residual layers were stripped out. 
For the LD-SE cells processing, p-type 0.5-1.0 Ω·cm Fz-Si KOH-textured substrates with a thickness 
of 280 μm were used. After depositing a 75 nm thick SiN(P) layer on the front side (conditions of coating 
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(d)), the cells underwent first a 30 min diffusion at ≈ 800°C in the quartz furnace to process the n+ 
emitter. The Rsheet was targeted to be of about 100 Ω/□. Heavily-doped n++ areas with Rsheet of 40 Ω/□ 
were then patterned using LD. Ag front contacts were then screen-printed after careful alignment with the 
LD areas, and a full-sheet Al-BSF was screen-printed on the rear side. Cells were then co-fired in an IR 
belt furnace. The illuminated IV characteristics were measured using a sun simulator. 
For the sake of comparison, cells with a standard 65 Ω/□ POCl3 furnace-diffused homogeneous emitter 
were processed and coated with the same SiN(P) layer than the LD-SE cells. These cells will thereafter be 
referred to as “reference” cells.  
3. Results and discussion 
3.1. Optical and passivation properties 
Fig. 1A plots the reflectance of the deposited SiN(P) layers with different contents of phosphorus in 
the film. The reflectance curves of the deposited SiN(P) layers were found to be quite similar to the one 
of the conventional SiNx layer (curve a). The heavily doped SiN(P) layers exhibit a reduction in 
reflectance of 3-5 % absolute for wavelengths below 600 nm. 
 
 
 
 
 
 
 
 
 
 
 
 
   (A)      (B) 
Fig. 1. SiN(P) layers optical properties: (A) reflection spectra; (B) refractive index at 633 nm. 
 
In addition, the minimum reflectance is found to be slightly shifted towards short wavelengths when 
increasing the P content. On the other hand, the refractive index increases from 1.90 for the undoped SiNx 
layer to 2.15 for the heavily doped SiN(P) one, as shown in Fig. 1B. This means that even the heavily-
doped SiN(P) layer could be used as an efficient AR coating provided that a suitable thickness 
optimization is considered. The question of the long-term stability of such doped SiNx layers remains 
open, and should be further investigated. 
Fig. 2 presents the emitter saturation current J0e as a function of P content, before and after the firing 
step at 900°C. For the “as-deposited” SiN(P) layers, J0e decreases when increasing the P content in the 
layer. The reason for that is not known yet but we might speculate that additional charges from 
phosphorus are acting for the passivation purpose. Additional capacitance-voltage measurements are 
needed. After firing at 900°C, the J0e values for all samples are reduced by a factor 1.5 to 2. Such results 
show that the phosphorus-doped SiNx films can be used as an efficient passivation layer, even the highly 
doped one. 
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Fig. 2. J0e measured before and after firing at 900°C as a function of P content in the SiNx layer. 
3.2. Thermal annealing and laser doping 
   Fig. 3 plots the sheet resistance Rsheet measured on SiN(P) coated silicon wafers after thermal 
annealing (Fig. 3A) and laser doping (Fig. 3B). The SiN(P) layers were removed before measuring the 
Rsheet. 
 
   
 
 
 
 
 
 
 
 
 
 
   (A)      (B) 
Fig. 3. Rsheet variation in the case of coating (d) on undiffused substrate using either (A) TA or (B) LD. 
 
A quite wide range of Rsheet values is obtained with both techniques. Thermal treatment (TA) using 
rather moderate temperatures allows reaching Rsheet values as low as 15 Ω/□. Thus TA on SiN(P) layers is 
suitable to produce homogeneous emitter of conventional cells or thin emitter for selective emitter (SE) 
cells. On the other hand, laser treatment (LD) on SiN(P) layers demonstrates possibility of Rsheet values 
ranging from 30 to 100 Ω/□. These values are quite similar to those reported on laser doping when using 
phosphosilicate glass (PSG) as a dopant source [2]. 
3.3. Selective emitter solar cells IV results 
Laser-doped selective emitter (LD-SE) and reference cells were processed according to the workflows 
described above. The photovoltaic parameters extracted from IV characteristics are given in Table 2. 
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Thus, the LD-SE cells processed using SiN(P) layers show a slight gain in Jsc compared to the 
reference. This enhancement however indicates that the carriers are more efficiently collected, as is 
expected from a SE structure. Nevertheless, no Voc improvement was observed for the SE cells. It can be 
noticed that the Voc obtained for the reference cells is unexpectedly low for Fz-Si substrates. This might 
be attributed to the low temperature used here (300°C) to deposit the SiN(P) layers. PECVD SiNx layers 
are indeed known to offer more efficient passivation when deposited at 450°C rather than at 300°C. 
 
Table 2. Reference and LD-SE cells performances. 
 
Cell type Jsc [mA/cm²] Voc [mV] FF [%] η [%] 
reference 34.9 ± 0.3 616 ± 1 79.3 ± 0.5 17.0 ± 0.1 
LD-SE from SiN(P) 35.2 ± 0.3 613 ± 2 75.2 ± 0.7 16.2 ± 0.3 
 
The FF of the LD-SE cells also appeared to be lower than expected. It turned out to be due to a high 
series resistance (Rseries), while the shunt resistance and the PFF were found to be similar to those of the 
reference cells (PFF > 81 %). Though the Rsheet of the n+ emitter was targeted to be 100 Ω/□, the P profile 
can possibly be very shallow and thus results in high Rseries. Similarly, the contact resistance of the LD 
areas could be too high and consequently reduces the FF. More experiments and characterizations are 
underway to clarify the reasons of lower performances of LD-SE cells, and to improve the process. 
4. Conclusion 
In this paper we showed that PECVD SiN(P) layers can be used efficiently for anti-reflection and 
surface passivation as well as a dopant source for phosphorus driving-in into silicon. We used either 
thermal annealing (TA) or laser irradiation (LD) for the drive-in process. The optical properties such as 
reflectivity or refractive index were found to be weakly dependant on the P content in the SiNx films. The 
SiN(P) layers also featured passivation properties on diffused substrates similar to those of standard SiNx 
layers, regardless of the amount of phosphorus. A wide range of Rsheet was obtained using both TA and 
LD, demonstrating that the SiN(P) layers are suitable dopant sources to produce lightly or heavily-doped 
emitters. 
Finally, LD-SE solar cells were produced using TA to realize the thin n+ emitter and LD to form the 
heavily-doped areas to be subsequently metalized. SE cells were hence processed without any POCl3 step. 
Although the generated current was enhanced, the LD-SE cells exhibit a lower efficiency compared to 
conventional cells due to lower Voc and high Rseries. These LD-SE cells results are yet very promising 
considering that optimization of the different steps is possible. 
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